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(54) Title: PROCESS FOR THE PRODUCTION OF POWDERED PULMONARY SURFACTANT PREPARATIONS 

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON PULVERFORMIGEN LUNGENSURFACTANT-ZUBERETTUNGEN 

(57) Abstract 

The invention concerns a process for the production of a powdered pulmonary surfactant preparation containing a hydrophobic protein 
serving as a pulmonary surfactant characterized by the fact that an organic solution or suspension containing a hydrophobic protein serving 
as a pulmonary surfactant and possibly other components is subject to spray drying. Powder preparations are obtained that exhibit very 
good stability under storage, are easy to reconstitute and which are also suitable for administration by inhalation. 

(57) Zusammenfassung 

Es wird ein Verfahren zur Hersteltung einer pulverformigen Lungensurfactant-Zubereitung enthaltend hydrophobe Lungensurfactant- 
Proteine beschrieben, das dadurch gelcennzeichnet ist, dafl man eine organische Losung oder Suspension enthaltend hydrophobe 
Lungensurfactant-Proteine und gewQnschtenfalls weitere Bestandteile einer Spruhtrocknung unterwirft Man erhalt sehr gut lagerstabile, 
einfach zu rekonstituierende Pulverzubereitungen, die sich auch zur inhalativen Verabreichung eignen. 



4 



WO 97/26863 



PCT/EP97/00230 



Process for producing pulverulent pulmonary surfactant 
prepar a 1 1 ons 

Technical field 

The invention relates to a process for pro- 
ducing pulverulent pulmonary surfactant preparations. 

Prior art 

The lungs of all vertebrates contain a 
substance mixture called "pulmonary surfactant". It has 
surface-active properties and reduces surface tension 
in the alveolar region of the lungs to such an extent 
that collapse of the final regions of the respiratory 
tract during exhaling is avoided. This substance 
mixture regulates the surface tension dynamically, so 
that the collapse of the small alveoli, which is to be 
expected according to Laplace's law, is avoided in 
favor of the greater ones, by appropriate adaptation of 
the surface tension. This results in a well-balanced, 
histologically and physiologically stable structure of 
the lung. 

Pulmonary surfactant is secreted by the 
alveolar pneumocytes of type II in the form of, lamellar 
bodies. These are compact units of phospholipid 
bilayers having a high proportion of dipalmitoyl- 
phosphatidylcholine (DPPC) and phosphatidylglycerol 
(PG) . As further essential components, the pulmonary 
surfactant contains proteins designated SP-A, SP-B and 
SP-C. SP-A is a high-molecular-weight glycoprotein 
which plays a decisive role in the regulation of the 
secretion. 

During the formation of the monomolecular 
surface film (the surfactant in a narrow sense), the 
hydrophobic proteins SP-C and, to a lesser extent, SP-B 
play the role of "thermodynamic catalysts". The 
presence of these proteins accelerates the spreading 
kinetics enormously. Only because of this, adaptation 



of the surfactant composition to the prevailing surface 
tension requirements is possible without delay. These 
properties are reflected in the extremely hydrophobic 
character of the proteins, in particular of SP-C. 

The lungs of prematurely born babies are not or 
not sufficiently capable of producing pulmonary sur- 
factant, which leads to life- threatening lack of oxygen 
(Infant Respiratory Distress Syndrome, IRDS) . IRDS is 
the main cause of death in prematurely born babies. 

For many years, IRDS has been treated success- 
fully by introducing pulmonary surfactant preparations 
into the lungs of the affected children. From pilot 
studies, it is known that pulmonary surfactant prepara- 
tions are additionally clinically effective in the case 
of ARDS (Adult Respiratory Distress Syndrome) , 
including ALI (Acute Lung Injury) . 

Pulmonary surfactant preparations can be 
obtained from the lungs of animals by a complicated 
extraction and centrif ugation process (lung lavage), or 
they can be composed of individual components . 

WO 92/06703 describes the production of syn- 
thetic pulmonary surfactant preparations by evaporating 
a chloroform solution comprising phospholipids, such as 
dipalmitoylphosphatidylcholine (DPPC) and dioleyl- 
phosphatidylethanolamine (DOPE) , and cholesterol using 
a rotary evaporator to give a thin film which is 
resuspended in a buffer, if desired together with 
suitable proteins. 

From WO 91/00871, it is known to concentrate an 
organic solution of a pulmonary surfactant preparation 
containing a pulmonary surfactant protein produced by 
gene technology, to rehydrate it with a buffer and then 
to lyophilize it. The resulting lyophilizate has the 
disadvantage that it has to be rehydrated at 37°C for 
15 minutes prior to administration, which is considered 
by the user to be a very long-winded process prone to 
errors . 

EP 01190 56 mentions a process for the produc- 
tion of a pulmonary surfactant preparation where all 



components are dissolved in an organic solvent, the 
resulting solution is concentrated to dryness under 
reduced pressure, the resulting residue is resuspended 
in an aqueous medium at elevated temperature over a 
prolonged period of time and the resulting suspension 
is subjected to f reeze-drying. This process is likewise 
technically very complicated. 

DE 3229179 discloses a process for the produc- 
tion of a protein-free pulmonary surfactant preparation 
where the components are dissolved in glacial acetic 
acid and the resulting solution is f reeze-dried . A 
disadvantage of this process is the use of glacial 
acetic acid, since this requires extensive safety 
precautions . 

EP 0655237 proposes the production of drug 
preparations which are to be administered in the form 
of a suspension aerosol by inhalation by spray-drying 
of ethanol /water mixtures. This process is described as 
being suitable, inter alia, for preparations containing 
hydrophilic proteins, such as, for example, ecatibant 
acetate, human insulin and buserelin acetate. 

Description of the invention 

The object on which the present invention is 
based is to provide a process for the production of 
protein-containing pulverulent pulmonary surfactant 
preparations comprising hydrophobic pulmonary sur- 
factant proteins, which is technically as uncomplicated 
as possible and leads to a storage-stable product which 
can be used in an advantageous manner. 

Surprisingly, it has now been found that this 
object can be achieved by subjecting an organic 
solution or suspension containing hydrophobic pulmonary 
surfactant proteins and, if desired, further components 
to spray drying. 

Using this process, a product is obtained which 
is storage-stable for a long time and which can be 
resuspended prior to use without any particular effort. 
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A particular advantage of the resulting powder is its 
small particle size (1 to 5 urn) which permits 
administration by inhalation . This aspect is of 
particular importance when using pulmonary surfactant 
5 preparations as carriers for drugs which are 
administered via the lungs. 

It is very surprising and hitherto 
unexplainable how the components of pulmonary 
surfactants, some of which are highly sensitive to 

10 temperature, survive the conditions of the spray drying 
process. Thus, it is known, for example, that the 
pulmonary surfactant protein SP-C, at temperatures 
above -20°C, rapidly forms aggregates and is thus 
inactivated. However, this protein survives the spray 

15 drying process according to the invention without any 
noticeable decomposition and is then present as a loose 
powder which can be stored at room temperature. 

The invention, accordingly, provides a process 
wherein an organic solution or suspension comprising 

2 0 hydrophobic pulmonary surfactant proteins and, if 

desired, further components is subjected to spray 
drying . 

Other subject matters are shown in the patent 

claims . 

25 ^ Suitable hydrophobic pulmonary surfactant pro- 

teins are those of natural origin and equally also 

proteins which have been prepared synthetically, 

y 

including by gene technological methods, in particular 
SR-B and SP-C, and mixtures thereof. Synthetic proteins 

3 0 are to be understood as including those proteins whose 

amino acid sequence deviates more or less from the 
amino acid sequence of naturally occurring pulmonary 
surfactant proteins, including- those synthetic proteins 
whose amino acid sequence is conceived entirely 
3 5 independently with respect to their pulmonary 
^urfactant property, as described, for example, in 
JSP 0593094 and EP 92/22315. These proteins can be 



isolated, synthesized and purified by known methods. 



According to the invention, suitable solvents 
for preparing an organic solution or suspension are 
alcohols, such as methanol, ethanol, 1-propanol, 
2-propanol, butanols, chlorinated hydrocarbons, such as 
dichloromethane, chloroform, etc., acetone, ethers, 
hydrocarbons, benzene, toluene and mixtures thereof, it 
also being possible for the solvents to contain water 
if they are miscible with water. The maximum water 
content is 25% by weight. Preference is given to a 
water content of from 5 to 15% by weight. For the 
person skilled in the art, it is easy, owing to his 
skills in the area of spray drying and, if required, by 
customary experiments, to select the solvents or 
solvent mixtures which are most suitable for the 
surfactant mixtures to be dried. 

As further components, the pulmonary surfactant 
preparations contain customary substances, such as, in 
particular, phospholipids, carboxylic acids and buffer 
substances . 

Prior to spray drying, the solution can be 
filtered through a sterile filter. Spray drying is 
carried out in a manner known per se. This technique is 
described in detail in K. Masters, Spray Drying 
Handbook, 5th ed. 1991, and in J. Broadhead, 
S.K. Edmond Ronan, C.T. Rhodes, The Spray Drying of 
Pharmaceuticals, Drug Dev. Ind. Pharm. 18, 1169 (1992). 
The principle of spray drying consists of atomizing a 
solution or suspension of the product to be dried into 
fine droplets which are dried in a hot gas stream. The 
solids which remain after the solvent has been 
evaporated are separated off from the gas stream by 
means of a cyclone and/or by a filter unit and 
collected. 

According to the invention, it has proven to be 
advantageous to use as solvents alcohols and chlorina- 
ted hydrocarbons, in particular methanol, ethanol, 
2-propanol and chloroform and mixtures thereof, if 
required with a small amount of water (up to a maximum 
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of 25% by weight) . Suitable gases for drying are in 
particular air and nitrogen. 

An advantageous gas inlet temperature is from 
60 to 200°C, preferably from 90 to 150°C. The gas 
5 outlet temperature is maintained, by appropriate 
control of the spray rate and/or the amount of gas, at 
from 40 to 80°C, preferably at from 50 to 70°C. 
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Preparation examples 
Example 1 

5 7.0 g of 1, 2-dipalmitoyl-3-sn-phosphatidyl- 

choline, 2,5 g of l-palmitoyl-2-oleoyl-3-sn-phosphatidyl- 
glycerolsodium, 205 mg of calcium chloride dihydrate and 
250 mg of palmitic acid are dissolved in 3 00 ml of 
ethanol/water (85:15) with heating at 60°C, cooled to 

10 room temperature and mixed with 350 ml of a solution of 
SP-C in chloroform/methanol 9:1 (c = 429 mg/1) . The 
resulting solution is spray-dried in a Buchi B 191 lab 
spray dryer. Spraying conditions: gas for drying air, 
inlet temperature 90°C, outlet temperature 52 - 54°C. 

15 This gives a loose powder. 

Example 2 

A solution of surfactant from bovine lungs 
20 (obtained by extraction and purification steps, as 
described, for example, in EP 406732) in chloroform/ 
methanol is spray-dried under the following conditions: 
Buchi B 191 lab spray dryer, gas for drying nitrogen, 
inlet temperature 80°C, outlet temperature 50 - 52°C. 
25 This gives a fine yellowish powder. 

Example 3 

10.95 g of 1 , 2-dipalmitoyl-3-sn-phosphatidyl- 
30 choline, 4.6 g of l-palmitoyl-2-oleoyl-3-sn-phosphatidyl- 
glycerolammonium, 418 mg of calcium chloride dihydrate 
and 750 mg of palmitic acid are dissolved in 330 ml of 
2-propanol/water (85:15) at 50°C and, after cooling to 
30°C, are mixed with 620 ml of a solution of SP-C in 
35 isopropanol/water (95:5, c = 484 mg/1). The resulting 
solution is spray-dried in a Buchi B 191 lab spray 
dryer. Spraying conditions: gas for drying nitrogen, 
inlet temperature 100°C, outlet temperature 58 - 60°C. 
This gives a colorless powder. 
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Example 4 

3.74 g (5.1 mmol) of 1, 2-dipalmitoyl-3-sn- 
5 phosphatidylcholine, 2.81 g (3.7 mmol) of 1-palmitoyl- 
2-oleoyl-3-sn-phosphatidylcholine, 2.90 g (3.9 mmol) of 
1, 2-dipalmitoylphosphatidyl-3-sn-phosphatidylglycerol- 
sodium, 234 mg of palmitic acid and 279 mg (1.9 mmol) 
of calcium chloride dihydrate are dissolved in 160 ml 

10 of 2-propanol/water (85:15) at 50°C and, after cooling 
to 30°C, are mixed with 566 ml of a solution of SP-C in 
isopropanol /water (92:8, c = 330 mg/1) at 30°C. The 
resulting solution is spray-dried in a Biichi B 191 lab 
spray dryer. Spraying conditions: gas for drying 

15 nitrogen, inlet temperature 90°C / outlet temperature 
58 - 60°C. This gives a colorless powder. 

Example 5 

2 0 0.5 g of RLLLLRLLLLRLLLLRLLLLR (R = Arg, 

L = Leu), 7.125 g of 1 , 2-dipalmitoyl-3-sn-phosphatidyl- 
choline and 2.43 g of l-palmitoyl-2-oleoyl-3 -sn- 
phosphatidylglycerolammonium are dissolved in 500 ml of 
chlorof orm/methanol 1:1 with heating at 45°C and 

2 5 subsequently spray-dried in a Biichi B 191 lab spray 
dryer. Spraying conditions: gas for drying nitrogen, 
inlet temperature 85°C, outlet temperature 55°C. This 
gives a colorless powder. 




THE CliAIMS DEFINING THE INVENTION ARE AS FOLLOWS ; 

A process for producing a pulverulent pulmonary 
surfactant preparation containing hydrophobic pulmonary 
surfactant proteins, which comprises subjecting an organic 
solution or suspension containing hydrophobic pulmonary 
surfactant protein and, optionally, further components, to 
spray drying. 

2 - The process as claimed in claim 1, wherein the 
hydrophobic pulmonary surfactant protein present in the 
organic solution or suspension are SP-C and/or SP-B. 

3 - The process as claimed in claim 2, wherein SP-C 
is present in the organic solution or suspension. 

4. The process as claimed in claim 1, wherein the 

organic solution or suspension contains from 5 to 15% by 
weight of water. 

5- The process as claimed in claim 1, wherein the 

further components are phospholipids. 

*• Tl *fc process as claimed in claim 1, wherein the 

spray drying is carried out in a heated gas. 

7 - The process as claimed in claim 6, wherein the 
gas used is air or nitrogen. 

8- The process as claimed in claim 6, wherein the 
gas has an inlet temperature of from 60 to 200°C and an 
outlet temperature of from 40 to 80°C. 

9- The process as claimed in claim 7, wherein the 
gas has an inlet temperature of from 90 to 150°C and an 
outlet temperature of from 50 to 70°C. 

!0- A pulverulent pulmonary surfactant preparation 

obtainable by the processes as claimed in claims 1 to 9. 
11 • A pulverulent pulmonary surfactant preparation 

according to claim 10, wherein the pulverulent pulmonary 
surfactant preparation has a particle size in a range from 
1 to 5 (xm. 

Dated this 19th day of November 1999 
BYK GULDEN LOMBERG CHEMISCHE FABRIK GMBH 
By their Patent Attorneys 
GRIFFITH HACK 

Fellows Institute of Patent and 
Trade Mark Attorneys of Australia 
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